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Objective 

Predict  the  stiffness  and  strength  of  oxidation-resistant  carbon-carbon  subjected  to 
thermal  and  mechanical  loads  in  an  oxidizing  environment 

Status  of  effort 

A  three-dimensional  progressive  failure  analysis  of  carbon-carbon  composites  was 
developed.  To  facilitate  the  study,  various  mesh  generators  and  graphical  pre-  and  post¬ 
processing  tools  were  developed.  These  tools  were  used  to  study  CC  during  cool-down  from 
processing  temperature  and  subsequent  mechanical  loads. 

Accomplishments/New  Findings 

The  progressive  failure  behavior  was  predicted  for  plain  and  satin  weave  composites. 
Two  fiber  tow  shapes  (which  resulted  in  different  fiber  volume  fractions)  and  two  stackings 
(simple  and  symmetric)  were  considered  for  the  plain  weave.  Details  can  be  found  in  the 
dissertation  included  as  part  of  this  report  and  in  the  journal  papers  listed  below. 

The  predicted  stress-strain  curves  were  bi-  or  tri-linear,  which  agrees  with  experimental 
data.  The  damage  was  predicted  using  a  continuum  damage  strategy.  Although  this  strategy  uses 
effective  properties  instead  on  modeling  discrete  cracks,  the  shape  of  the  predicted  zones  often 
were  “crack-like”.  That  is,  there  was  one  dimension  of  the  zones  that  was  much  smaller  than  the 
other  two.  The  tow  cross-over  region  was  identified  as  a  critical  region  for  damage  initiation. 
Matrix  cracking  and  debonding  between  the  tows  was  predicted.  The  fiber  architecture  was 
shown  to  have  a  large  influence  on  stiffness,  when  damage  occurred,  and  the  type  of  damage. 
The  analysis  provides  detailed  information  about  damage  initiation  and  growth.  Of  course,  the 
predictions  can  be  no  better  than  the  input  data.  The  current  program  developed  key  analytical 
capabilities  and  demonstrated  the  sensitivity  of  the  CC  composite  behavior  to  various 
parameters.  To  go  further  will  require  improved  experimental  data  that  will  either  validate  the 
analysis  or  indicate  aspects  that  require  refinement. 
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